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Abstract – The objective of this work was to evaluate the commercial formulations of Bacillus 
subtilis QST-713 and Bacillus pumilus QST-2808 on mycelial growth inhibition of Thielaviopsis 
paradoxa, for the control of the pineapple disease and growth promotion in sugarcane. The inhibition 
of mycelial growth was evaluated in paired culture tests. Bacillus isolates were transferred to Petri 
dishes 48 hours before the pathogen, and the zone of inhibition was determined. The direct effect 
of the autoclaved commercial formulations at 0, 0.001, 0.01, 0.1, 1.0, and 10.0% on the inhibition 
of pathogen mycelial growth was evaluated. Bacillus spp. potential in controlling the disease and 
promoting plant growth was evaluated in assays on plant development and disease severity, both 
under controlled conditions and in the field. Bacillus isolates inhibited pathogen mycelial growth; 
however, the isolates did not control the disease effectively in the growth chamber and in the field. 
In the field assay without infestation by the pathogen, all treatments with biocontrol agents and 
fungicide increased the yield of cane stalks and sugar per hectare, compared with the control. In 
the assay with infestation by the pathogen, the B. pumilus-based product (2.0 L ha-1) and fungicide 
differed from the control only for the variable number of tillers.
Index terms: Saccharum, Thielaviopsis paradoxa, alternative control, biological control.
Formulações comerciais de Bacillus spp. para o controle da  
podridão-abacaxi e a promoção de crescimento em cana-de-açúcar
Resumo – O objetivo deste trabalho foi avaliar formulações comerciais de Bacillus subtilis QST-713 e 
Bacillus pumilus QST-2808 na inibição do crescimento micelial de Thielaviopsis paradoxa, para o controle 
da podridão-abacaxi e a promoção de crescimento em cana-de-açúcar. A inibição do crescimento micelial foi 
avaliada em cultura pareada. Os isolados de Bacillus foram transferidos para placas de Petri 48 horas antes do 
patógeno, e o halo de inibição foi determinado. O efeito direto das formulações comerciais autoclavadas a 0, 
0,001, 0,01, 0,1, 1,0 e 10,0% foi avaliado quanto à inibição do crescimento micelial do patógeno. O potencial 
de Bacillus spp. em controlar a doença e promover o crescimento das plantas foi avaliado em ensaios quanto 
ao desenvolvimento das plantas e à severidade da doença, em condições controladas e em campo. Os isolados 
de Bacillus inibiram o crescimento micelial do patógeno; no entanto, não apresentaram controle efetivo da 
doença em câmara de crescimento e em campo. No ensaio de campo, sem infestação do patógeno, todos os 
tratamentos com agentes de biocontrole e fungicida aumentaram a produção de colmos e açúcar por hectare, 
em comparação à testemunha. No ensaio com infestação pelo patógeno, o produto à base de B. pumilus (2.0 L 
ha-1) e o fungicida diferiram da testemunha somente quanto à variável número de perfilhos.
Termos para indexação: Saccharum, Thielaviopsis paradoxa, controle alternativo, controle biológico.
Introduction
Sugarcane is one of the most important agricultural 
crops in Brazil, and it is used for the production of food 
and biofuel (Aguiar et al., 2014). In the central region 
of the South of Brazil, two planting systems are used 
as follows: the first one lasts one and a half year, it is 
performed between January and March, and is more 
favorable for plant development; and the second one 
lasts one year, and it is performed between the months 
of October and November. However, winter planting 
between May and September is growing in popularity, 
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with the management adapted to the driest and coldest 
seasons (Aguiar et al., 2014), and planting in this 
period can be affected by Thielaviopsis paradoxa 
(Ceratocystis paradoxa), a fungus that causes the 
pineapple disease of sugarcane. This disease is 
associated with retards of the bud germination and 
shoot development, early shoot vigor, and seed piece 
decay (Raid & Rott, 2012; Chapola et al., 2014). In the 
state of São Paulo, Brazil, C. paradoxa is the disease-
causing agent most commonly associated with a poor 
germination of seed piece (Carvalho, 1963; Rossetto et 
al., 1986). Buds that take more than 16 days to sprout are 
attacked most by the pathogen (Boyd & Galli, 1966). 
Even if the seed pieces are affected to a lesser extent, 
without the need for replanting, losses will occur in 
all plot cuts. These problems are aggravated by the 
mechanized planting, in which smaller seed pieces are 
used, resulting in fewer buds and more injuries (Raid 
& Rott, 2012; Serafim et al., 2013; Chapola et al., 2014).
This pathogen is controlled using benzimidazole- 
and phenylpyridylamine-based fungicides sprayed 
directly on the seed pieces in the planting groove 
(Tokeshi & Rago, 2005). However, synthetic products 
can be replaced by biocontrol agents (Banik et al., 
2016; Raza et al., 2016). Bacillus spp. isolates can be 
used to promote vigor, growth, and the induction of 
resistance mechanisms in plants, in complement to the 
action of their metabolites (Roh et al., 2007; Francis et 
al., 2010). Bacillus subtilis is the most studied species 
(Bettiol et al., 1992; Cawoy et al., 2011; Dorighello et 
al., 2015; Ongena & Jacques, 2008) with 4 to 5% of 
its genome specialized for the synthesis of antibiotics. 
This species has also the potential to produce more 
than 24 structurally diverse compounds during its 
multiplication process, including cyclic lipopeptides, 
such as surfactins, iturins and fengycins (Stein, 2005). 
George et al. (2011) reported the Bacillus spp. efficacy 
in vitro, in the control of T. paradoxa. However, 
there are few studies on the feasibility of T. paradoxa 
biocontrol by Bacillus spp. in sugarcane. 
The objective of this work was to evaluate the 
commercial formulations of Bacillus subtilis QST-713 
and Bacillus pumilus QST-2808 on mycelial growth 
inhibition of Thielaviopsis paradoxa, for the control of 
pineapple disease of sugarcane and growth promotion 
in sugarcane.
Materials and methods
The experiments were performed using biofungicides 
based on Bacillus subtilis QST-713 [Serenade, 13.68 
g L-1 active ingredient (a.i.)], and Bacillus pumilus 
QST-2808 (Sonata, 14.35 g L-1 a.i.) obtained from 
Bayer CropScience. The isolate of Thielaviopsis 
paradoxa was provided by Dr. Modesto Barreto, from 
the Universidade do Estado de São Paulo, Faculdade 
de Ciências Agrárias e Veterinárias, and deposited 
under the code CMAA 1194 in the culture collection of 
Embrapa Meio Ambiente. The pathogen was multiplied 
in Petri dishes containing 20 g L-1 potato dextrose agar 
(PDA, Himedia), and maintained at 25±2°C in the dark 
for eight days. In order to obtain the spore suspension, 
5 mL of autoclaved water was transferred to each 
plate, and the surface was scraped with a Drigalski 
spatula. The suspension was homogenized, and a 
concentration of 106 conidia mL-1 was calibrated using 
a hemocytometer.
The inhibition of pathogen mycelial growth by 
Bacillus spp. isolates – obtained from the commercial 
product formulations – was evaluated in paired culture 
tests. For this purpose, aliquots (100 µL) of each 
formulation were deposited on Petri dishes containing 
PDA medium and spread with the aid of a Drigalski 
spreader to obtain pure colonies of the antagonists. 
After 3 days of incubation at 25±2°C in the dark, 
discs of B. subtilis QST-713 and B. pumilus QST2808, 
measuring 0.5 cm diameter, were transferred to one 
end of the Petri dishes containing PDA. After 2 days 
of incubation at 25±2°C in the dark, a PDA disk (0.5 
cm diameter) containing the pathogen structures was 
transferred to the other end of the plate (7 cm away 
from the antagonist disc). The zone of inhibition was 
evaluated after 4 and 9 days of incubation at 25±2°C 
in the dark.
To evaluate the effects of the heat-tolerant compounds 
of the formulated products on the inhibition of T. 
paradoxa mycelial growth, the compounds were added 
at 0, 0.001, 0.01, 0.1, 1.0 and 10.0% (v/v) to the PDA 
medium. Media formulations were autoclaved at 120°C 
for 20 min and poured into Petri dishes. PDA discs of 
0.5 cm diameter containing structures of T. paradoxa 
were transferred to the center of the plates, and were 
maintained at 25± 2°C and in the dark. Evaluations 
were performed for four days by measuring the fungus 
colony diameter in both directions.
Bacillus spp. for the pineapple disease control and growth promotion in sugarcane 1313
Pesq. agropec. bras., Brasília, v.53, n.12, p.1311-1319, Dec. 2018
DOI: 10.1590/S0100-204X2018001200003
The effects of the formulated products based on 
B. subtilis QST-713 and B. pumilus QST2808 on the 
control of the pineapple disease of sugarcane and 
sugarcane growth were investigated in a growth 
chamber. A substrate obtained from the mixture of 
dystrofic Oxisol (clay texture), sand, and organic 
matter (Multiplant 1051, Terra do Paraíso, Holambra, 
SP, Brazil), with 60% pine bark, 35% silt, and 5% 
fine sand), at 2:1:1 (v:v:v) was placed in plastic boxes 
(14.5x34x42.5 cm). This substrate was previously 
infected with a suspension of T. paradoxa spores up 
to the final concentration of 104 spores g-1 of substrate. 
After 24 hours of infestation, six seed pieces of the 
cultivar CT-1906 containing two buds each were 
transplanted to each box. A treatment without 
infestation was maintained as an absolute control. 
Commercial products based on B. subtilis QST-713 
and B. pumilus QST2808 at 0, 2.0, 4.0, and 8.0 L ha-1 of 
the commercial formulation were applied to the seed 
pieces. The effects of a mixture of the two Bacillus-
based products at 2.0 L ha-1 each were also investigated. 
A fungicide [a.i. azoxystrobin + cyproconazole (200 + 
80 g L-1)] was used as standard treatment. In addition 
to these treatments, Bacillus spp.-based products at a 
concentration of 2.0 L ha-1 were mixed separately with 
the commercial fungicide. The products and mixtures 
were applied with a CO2-pressurized backpack 
sprayer, simulating a commercial application in the 
planting furrows at volume of 200 L ha-1. After the 
products were sprayed, the seed pieces were covered 
with 3 to 5 cm of the same substrate, and the boxes 
were maintained in the growth chamber between 22 
and 25°C. Irrigations were performed periodically.
The number of tillers was evaluated weekly, and 
the sprouting speed index (SSI) was calculated using 
the following formula adapted by Chapola (2010): 
SSI = (B1/N1) + (B2/N2) + ... + (Bn/Nn), in which: B1, 
B2, ..., Bn represent the numbers of plants emerged in 
the respective evaluations; and N1, N2, ..., Nn represent 
the numbers of days after planting. At the end of the 
experiment, plant height and the fresh and dry weights 
of the shoot and root systems were evaluated. The 
disease severity was evaluated by longitudinally 
cutting the seed pieces, and measuring their length, 
as well as the length of the internal rot. With these 
data, the percentage of the seed piece tissue attacked 
by the pathogen was calculated. The presence of the 
pathogen in the seed pieces was evaluated by plating 
the seed piece fragments of each replicate in PDA, and 
incubating them at 25±2°C, followed by microscopy 
analysis.
The effects of the products formulated based on 
B. subtilis QST-713 and B. pumilus QST-2808 on the 
control of the pineapple disease of sugarcane, SSI, 
biomass, cane production per hectare (TCH), and 
sugar production per hectare (TSH) were evaluated 
in the commercial cultivation field of the Destilaria 
Destivale, of the Raízen Group at Araçatuba, SP, 
Brazil. The soil had the following characteristics: pH, 
4.7; OM, 18 g kg-1; P, 5 mg cm-3; K, 0.8 mmolc dm-3, 
Ca, 11 mmolc dm-3, Mg, 9 mmolc dm-3, H+Al, 29 
mmolc dm-3; Al, 1 mmolc dm-3; sum of bases (SB), 
20.8 mmolc dm-3; cation exchange capacity (CEC), 
50 mmolc dm-3; and base saturation (V), 41%. Two 
experiments were carried out between June 2012 and 
July 2013, with or without T. paradoxa infestation in 
the planting furrows. Before planting, the area was 
fertilized with 470 kg ha-1  N-P2O5-K2O (10-25-25), 
and treated with thiamethoxam 250 WP (0.7 kg ha-1) 
to control underground insect pests. The area was also 
treated with sulfentrazone 500 WP (1.5 L ha-1), for the 
control of weeds, and with carbofuran 350 WP (6.5 L 
ha-1), for the control of nematodes.
In the soil infestation test, pathogen inocula were 
applied with the aid of a manual backpack sprayer 
at 100 L ha-1 flow rate before planting. Seed pieces 
of sugarcane ‘RB-92579’ were planted at a spacing 
of 1.50 m between rows, with a mechanized planter 
adapted to not cover the furrows. Each plot was 4.5 m 
wide (four planting rows) by 15 m length, totaling 
67.5 m2 of area. The seedlings were 40 cm long, with 
three to four buds each, and they were harvested 
mechanically in a nursery area. The planting density 
was 18 to 20 buds m-1 furrow. The products based on 
B. subtilis QST-713 and B. pumilus QST-2808, as well 
as the fungicide, were applied using a CO2-pressurized 
backpack sprayer with two 11002 fan-type nozzles, and 
an application of 150 L ha-1 volume. After application 
of these products, the planting furrows were manually 
covered. The test without pathogen infestation was set 
up as described above but without application of the 
pathogen inoculum.
The evaluations in the two tests consisted of counting 
the number of emerged tillers at 30, 60, and 102 days 
after planting, in the two central rows of each plot. 
With these data, the SSI was calculated. At 30 days 
1314 F. Brandi et al.
Pesq. agropec. bras., Brasília, v.53, n.12, p.1311-1319, Dec. 2018
DOI: 10.1590/S0100-204X2018001200003
after planting, evaluations of severity were performed 
within the useful area of each plot, by collecting three 
seed pieces that were longitudinally cut and classified 
according to the percentage of infected tissue. The 
following pathogen infestation scoring was used: 0, 
no injury; 1, injuries in less than 1/3 of the length of 
the seed piece with a reddish appearance; 2, injuries 
in 1/3 of the length of the seed piece with a reddish 
appearance; 3, injuries in 2/3 of the length of the seed 
piece with a reddish appearance; 4, injuries in the total 
length of the seed piece with a reddish appearance; and 
5, injuries in the total length of the seed piece with a 
blackened appearance. At 191 days after planting, the 
entire shoot of the plants was collected in 1 m furrow 
within the useful area of each plot, and weighed to 
determine shoot biomass. 
All rows of each plot were harvested on 7/27/2013, 
with the aid of a mechanical harvester. Cane stalks 
were weighed in a scale coupled to the transport trailer, 
and data were converted into megagrams of cane per 
hectare (TCH). Samples of cane stalks collected from 
each plot were removed, placed in plastic bags, and 
taken to the laboratory to measure total recoverable 
sugar (TRS, expressed in kg Mg-1), which corresponds 
to the amount of sugar available in the raw material. 
With these two variables, the value converted for 
megagrams of sugar hectare (TSH = TCH x TRS/1000) 
was calculated.
In the assay evaluating the zone of inhibition 
produced by Bacillus spp., a t-test was applied to 
analyze the significant differences between isolates. 
In the assays evaluating the inhibition of mycelial 
growth of T. paradoxa, a 2×5 factorial arrangement 
was used (B. subtilis QST-713 and B. pumilus QST-
2808; five concentrations), in a completely randomized 
experimental design, with seven replicates. The data 
were transformed (log) and analyzed using the two-
factor Kruskal-Wallis test, at 1% probability, followed 
by regression analysis. The assay conducted in the 
grown-chamber followed a completely randomized 
design, with four replicates, with six sugarcane seed 
pieces each. The design of the field experiments was a 
randomized complete block design with four replicates. 
For the analysis of these data, the assumptions of the 
analysis of variance were tested, and if significant, 
the log transformation was applied. The analysis of 
variance was applied at 5% probability to the normal 
data that presented homoscedasticity of variances. 
If significant differences between treatments were 
observed, the Scott-Knott multiple comparison test 
at 1% probability was performed. The analysis of 
the nonparametric data, such as severity in the field 
experiment, was performed using the Kruskal-Wallis 
test, at 5% probability. All analyses were performed 
using R statistical software (R Core Team, 2017). The 
ExpDes package (Ferreira et al., 2014) was used for the 
analyses of the experiments in completely randomized 
design and randomized blocks, and the lsmeans 
package (Lenth, 2016) was used for the comparison 
between the regression models.
Results and Discussion
In the work using the paired culture technique, to 
evaluate the zone of inhibition formed by the B. subtilis 
QST-713 and B. pumilus QST-2808 isolates, zones of 
inhibition of 2.16 cm and 2.21 cm, respectively, were 
observed for the Bacillus isolates on the fourth day. On 
the ninth day, the zones of inhibition measured 2.01 cm 
and 1.74 cm for the B. subtilis and B. pumilus isolates, 
respectively. On both evaluation days (4 and 9 days 
of incubation), no significant differences between the 
zones of inhibition were detected by the t-test (p=0.68 
and p=0.14). 
The inhibition of the pathogen mycelial growth by 
B. subtilis and B. pumilus based products at different 
concentrations showed no significant interaction 
between the studied factors. However, a significant 
difference was observed between the products and 
concentrations incorporated into the culture medium. 
The commercial product based on B. subtilis QST-
713 completely inhibited the growth of T. paradoxa 
at concentrations of 1.0 and 10.0%. The inhibition 
was 77.0, 67.3, and 0.0% for the concentrations at 0.1, 
0.01, and 0.001%, respectively, of this product (Figure 
1). For the B. pumilus QST-2808 based product, the 
inhibition of the pathogen mycelial growth was 79.8 
and 35.3% for the concentrations of 10.0 and 1.0% 
of the product, respectively.  B. pumilus QST-2808 
based product at 0.1, 0.01, and 0.001% did not inhibit 
the growth of T. paradoxa (Figure 1). The comparison 
between the linear models showed that there were 
no significant differences between the slopes of the 
used products. However, this comparison showed 
that the product based on B. subtilis QST-713 
significantly inhibited the growth of T. paradoxa at 
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lower concentrations than the B. pumilus QST-2808-
based product, with ED50 values of 0.015 and 2.39%, 
respectively (Figure 1).
According to Pérez-García et al. (2010), antibiosis 
is the main mechanism of action of Bacillus, and 
it is possible to affirm that the inhibition observed 
is directly on the growth of the pathogen. However, 
these antagonists also act by competition for space 
and nutrients, as well as synthesis of volatile organic 
compounds (Lanna Filho et al., 2010; Pérez-García et 
al., 2010). In addition to inhibiting the mycelial growth, 
B. subtilis isolates inhibit the spore germination, such 
as that of the urediniospores of Phakopsora pachyrhizi 
(Dorighello et al., 2015), urediniospores of Hemileia 
vastatrix (Bettiol & Varzea, 1992), and spores of 
Pyricularia oryzae (Bettiol & Kimati, 1990).
Some substances produced by the Bacillus isolates 
present in the formulations are tolerant to heat. 
Ongena & Jacques (2008) and Stein (2005) found 
that B. subtilis produces heat-tolerant substances. 
For B. subtilis QST-713, which produced fengycin, 
iturin and surfactin, the highest concentrations of 
the formulation in the culture medium were those 
that completely inhibited the mycelial growth of the 
pathogen (Figure 1). Moreira et al. (2014) showed that 
the metabolites present in the commercial formulation 
of B. subtilis QST-713 inhibited the mycelial growth of 
Figure 1. Inhibition of mycelial growth of Thielaviopsis 
paradoxa by products based on Bacillus subtilis QST-713 
(BS; cp Serenade-BS) and Bacillus pumilus QST-2808 (BP; 
cp Sonata-BP). For BS y = 92.14 + 23.27x, R2=0.8; for BP 
y = 42.49 + 19.48x, R2=0.73.
Table 1. Effect of the commercial formulations based on Bacillus subtilis QST-713 (BS), Bacillus pumilus QST-2808 (BP), 
fungicide (F), and of the mixtures of these products on the plant development and on the severity of “pineapple disease” 
(Thielaviopsis paradoxa) of sugarcane on sugarcane cultivar CT1906 in a growth chamber(1).
Treatment(2) NTns Height  
(cm)
SSI Fresh weight Dry weight Severityns
Shoot Rootns Shootns Rootns
BP (2.0 L ha-1) 7.7 71.9b 1.09 9.33b 11.74 1.28 1.55 88.8
BP (4.0 L ha-1) 6.0 70.3b 0.72 9.35b 12.55 1.28 1.66 87.2
BP (8.0 L ha-1) 5.5 68.6b 0.70 10.55b 14.41 1.35 2.07 91.6
BS (2.0 L ha-1) 5.7 70.9b 0.74 9.48b 10.24 1.29 1.33 94.8
BS (4.0 L ha-1) 4.2 71.7b 0.59 8.50b 17.76 1.17 2.01 84.4
BS (8.0 L ha-1) 5.2 56.1b 0.53 6.58b 11.10 0.86 1.18 86.3
BP + BS (2 and 2 L ha-1) 4.7 81.1a 0.63 12.07a 17.12 1.52 1.99 85.3
BP + F (2.0 L ha-1 and 0.25 mL L-1) 6.0 68.6b 0.79 13.27a 11.83 1.48 1.34 88.3
BS + F (2.0 L ha-1 and 0.25 mL L-1) 6.0 82.9a 0.93 12.46a 16.59 1.71 1.93 85.5
F (0.25 mL L-1) 4.7 60.7b 0.57 8.05b 17.49 1.22 1.95 97.0
Inoculated control 5.0 72.8b 0.58 10.39b 15.77 1.26 1.73 100.0
Absolute control 6.7 97.3a 1.00 16.24a 16.17 2.11 2.93 75.12
Coefficient of variation (%) 31.8 19.3 - 33.1 45.3 36.9 36.6 12.1
(1)Means followed by equal letters, in the columns, do not differ by the Scott-Knott test, at 1% probability. nsNonsignificant according to the analysis of 
variance at 5% probability.  (2)BS, Bacillus subtilis-based formulation (commercial product Serenade); BP, Bacillus pumilus-based formulation (commercial 
product Sonata); F, a.i. azoxystrobin + cyproconazole. NT, number of tillers; SSI, sprouting speed index.
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Colletotrichum acutatum, and that the volatile organic 
compounds produced by this isolate are efficient in 
controlling the pathogen.
In the experiment evaluating the effects of Bacillus 
spp. for the control of pineapple disease of sugarcane, 
and on the growth of plants cultivated in the growth-
chamber, no significant differences were observed 
among the products, applied doses, or product 
mixtures, in comparison to the controls, for the number 
of tillers, root fresh weight, shoot and root dry weights, 
and disease severity (Table 1). However, although no 
significant differences were observed in the plants of 
the absolute control treatment, whose seed pieces were 
neither treated nor inoculated with the pathogen, they 
had higher values for plant height, shoot fresh weight, 
and shoot and root dry weights, indicating the losses 
that this pathogen can cause to the crop (Table 1). Only 
the variables of height and shoot fresh weight showed 
significant differences among treatments. The product 
mixtures (BP + BS and BS + F) and the absolute 
control showed the greatest height values. These same 
treatments, in addition to BP + F, also had the greatest 
shoot fresh weight values (Table 1).
In the test evaluating the effect of the application 
of Bacillus spp. on the control of pineapple disease of 
sugarcane, in an artificially infested soil in the field, 
the number of tillers and TSH showed significant 
differences among the treatments (Table 2). The 
application of fungicide and B. pumilus QST-2808 (2.0 
L ha-1) were the treatments that showed the highest 
number of tillers, differing significantly from the 
other treatments. Biomass, disease severity, and TCH 
showed no significant differences among treatments. 
Bacillus pumilus QST-2808 (2.0 L ha-1) and the BP + F 
mixture reduced the amount of TSH in comparison to 
the other treatments (Table 2). Although no statistical 
test was applied to the SSI data, it showed that all 
treatments were superior to the control with emphasis 
on the treatments with fungicide and B. pumilus 2.0 
L ha-1, which showed an increase of up to 28% in 
SSI (Figure 2). However, none of the treatments had 
an effect on the control of the disease in the present 
studied conditions. This finding may explain the lack 
of registration of these biological products for the 
control of pineapple disease of sugarcane.
The field experiment without soil infestation with T. 
paradoxa was used to evaluate the effect of the products 
on plant development. In this assay, no differences were 
observed between the number of tillers, biomass, and 
disease severity among treatments (Table 2). The only 
variables that showed significant differences among 
treatments were TCH and TSH. TCH was significantly 
lower in the control and BS+F treatments, and all other 
treatments showed higher values than the control. The 
Table 2. Effect of the commercial formulations based on Bacillus subtilis QST-713 (BS), Bacillus pumilus QST-2808 (BP), 
fungicide (F) and of the mixtures of these product on the number of tillers (NT), shoot biomass (Bio), tons of cane per hectare 
(TCH), tons of sugar per hectare (TSH), and severity (Sev) of pineapple disease of sugarcane (Thielaviopsis paradoxa) in 
sugarcane variety RB-92579 cultivated on soils infested and not infested with the pathogen(1).
Treatment(2) Infested Noninfested
NT Bions Sevns TCH (Mg cane ha-1)
TSH 
(Mg sugar ha-1) NT Bio
ns Sevns TCH
 
(Mg cane ha-1)
TSH 
(Mg sugar ha-1)
BP (2.0 L ha-1 282.5a 16.52 3.41 150.42 19.10b 221.3 18.15 3.92 156.2a 20.94b
BP (4.0 L ha-1) 220.7b 14.52 3.66 158.90 20.35a 243.7 14.65 3.33 144.3b 17.99b
BP (8.0 L ha-1) 201.3b 12.85 3.90 152.85 20.07a 285.5 20.17 3.00 145.0b 20.06b
BS (2.0 L ha-1) 229.0b 18.22 3.67 148.31 20.02a 187.0 16,40 3.85 141.0b 19.65b
BS (4.0 L ha-1) 227.3b 14.47 3.93 153.15 20.03a 256.5 21.03 4.10 131.1b 18.12b
BS (8.0 L ha-1) 205.7b 16,40 3.67 153.15 19.55a 278.0 14.46 3.58 131.9b 18.95b
BP + F (2.0 L ha-1 + 0.25 mL L-1) 193.5b 17.42 3.32 149.21 19.36b 245.3 21.61 3.67 150.1a 19.46b
BS + F (2.0 L ha-1 + 0.25 mL L-1) 205.7b 13.42 4.08 151.03 19.65a 310.5 19.35 3.33 128.0c 17.79b
F (0.25 mL L-1) 290.0a 23.55 3.91 148.91 20.32a 267.0 17.62 3.50 147.7a 21.07a
Control 197.0b 14.77 3.91 154.06 20.82a 248.0 22.44 3.25 128.0c 17.67c
Coefficient of variation (%) 16.9 30.8 7.3 9.1 9.7 19.9 27.5 14.7 11.3 13.7
(1)Means followed by equal letters, in the columns, do not differ by the Scott-Knott test, at 1% probability. nsNonsignificant, according to the analysis of 
variance, at 5% probability, or by the Kruskal-Wallis test, at 5% probability. (2)BS, Bacillus subtilis-based formulation (commercial product Serenade); BP, 
Bacillus pumilus-based formulation (commercial product Sonata); F, a.i. azoxystrobin + cyproconazole. NT, number of tillers; Bio, shoot biomass (kg per 
linear meter of furrow).
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highest values were observed for BP (2.0 L ha-1), BP 
+ F, and fungicide only, which differed significantly 
from the others. For TSH, all the treatments were 
significantly higher than the control, and the highest 
value was observed for the treatment with the fungicide 
application, which differed from the others (Table 2). 
As mentioned previously, no statistical test was applied 
to the SSI data from the field experiment. However, SSI 
increased with increasing concentrations of Bacillus 
spp. (Figure 2).
The SSI is an important parameter for the study of 
pineapple disease of sugarcane because higher SSI 
values indicate a greater chance of escape from the 
pathogen attack. As soon as plants emerge and start 
photosynthesis, buds become resistant to fungal attack, 
and seedling destruction is almost completely stopped 
(Tokeshi, 1980). In the field experiments without 
soil infestation by the pathogen, the SSI increased 
with increasing doses of the commercial products 
formulated with B. subtilis QST-713 and B. pumilus 
QST-2808. However, no effects were observed on the 
other evaluated variables. These results may be due 
to the characteristics of the studied products. Sundara 
et al. (2002) evaluated a Bacillus megaterium var. 
phosphaticum isolate applied to the planting furrow 
and cane ratoon, and found significant increases in 
tillering and seed piece weight, leading to a yield 
increase of 12.6%. This positive effect is due to the 
greater availability of phosphorus to the plant due to the 
specific action of this isolate in transforming insoluble 
phosphorus from the soil into soluble phosphorus 
readily assimilable by the plant, and not due to a 
probable effect on the pathogen control (Sundara et al., 
2002).
Angulo et al. (2014) identified isolates of Bacillus 
spp. from roots of eucalyptus plants with the capacity 
to produce indoleacetic acid and solubilize phosphate 
for seedlings, increasing plant growth and vigor. 
Therefore, for Bacillus spp., the potential action as a 
plant growth-promoting rhizobacteria should also be 
considered, taking into account its interaction with the 
plant/pathogen/environment system (Schippers, 1992). 
A product containing a mixture of B. subtilis CH200 
and Bacillus licheniformis CH201 is registered in the 
Brazilian market as a promoter of growth, and increased 
cotton shoot weight when compared to the control 
plants with or without inoculation of Meloidogyne 
incognita (Montalvão, 2016). The same isolates in 
a mixture are registered for the control of several 
nematodes in lettuce, rice, soybean, and sugarcane 
Figure 2. Effect of products based on Bacillus pumilus QST-2808 (BP), Bacillus subtilis QST-713 (BS) and fungicide (a.i. 
azoxystrobin + cyproconazole) on the sprouting speed index of sugarcane cultivated in infested and noninfested field with 
Thielaviopsis paradoxa. The concentration of the applied product is identified in parentheses in L ha-1.
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(Agrofit, 2015). Santos & Rigobelo (2016) found that the 
product containing a mixture of B. subtilis CH200 and 
B. licheniformis CH201 significantly increases the root 
system dry weight of presprouted sugarcane seedlings, 
but they did not observe a significant effect for shoot 
dry matter. Silva et al. (2015) found that Bacillus spp. 
promotes growth in sugarcane seedlings. However, in 
the present study, no positive effects were observed 
on plant development from the commercial products 
based on B. subtilis QST-713, or B. pumilus QST-2808, 
as well as mixtures of these isolates. These results 
indicate that there is a need to properly select Bacillus 
isolates with potential to promote plant growth and to 
control plant pathogens. In addition, it is essential to 
investigate the application method of Bacillus spp.
Conclusions
1. Bacillus subtilis QST-713 and Bacillus pumilus 
QST-2808 inhibit the mycelial growth of Thielaviopsis 
paradoxa in vitro, as measured by the zone of inhibition 
test and the incorporation into culture medium of the 
heat-tolerant compounds present in the commercial 
products.
2. The commercial products based on Bacillus 
subtilis QST-713 and Bacillus pumilus QST-2808 do 
not control the pineapple disease of sugarcane, and 
they do not promote sugarcane growth in the growth 
chamber, or in the field.
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